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METHOD FOR FILLING VIAS IN ORGANIC,
MULTI-LAYER PACKAGES

This application 1s a divisional application of U.S. appli-
cation No. 08/769.,552, filed Dec. 19, 1996, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to an electronic assembly
that contains filled via holes.

2. Description of Related Art

Integrated circuits are typically enclosed by a package
that 1s soldered to a printed circuit board. The packages may
include a substrate that supports the integrated circuit, and
plurality of external contacts which couple the substrate to
the printed circuit board. The contacts may be solder balls
that are attached to the substrate and subsequently reflowed
to attach the package to the circuit board.

The substrate typically contains iternal routing and con-
ductive vias which provide an electrical path between sub-
strate layers and electrically couple the integrated circuit to
the external contacts. Vias are constructed by initially form-
ing holes 1n the substrate and then plating the inner surface
of the holes with a conductive metal material. The plated
material provides a conductive path through the substrate.
The plating process does not fill, nor 1s mntended to fill, the
holes within the substrate. Consequently, each via has a hole
extending therethrough.

Highly functional integrated circuits such as micropro-
cessors require packages that have a large number an inter-
nal routing traces. The internal routing traces may be formed
in multiple layers of the substrate. The multiple layers are
coupled together by vias.

Any change 1n temperature will induce a thermal expan-
sion or confraction of the package, integrated circuit and
printed circuit board. The thermal expansion/contraction
creates stresses 1n the vias. It has been found that plated
through vias which extend through the length of a multi-
layer package will fail when thermally cycled. It would
therefore be desirable to provide a more robust via than what
1s found 1in the prior art.

SUMMARY OF THE INVENTION

The present invention 1s a via for an electronic assembly.
The assembly includes a substrate which has a via hole. The
via hole 1s filled with a conductive material that extends
across a diameter of the hole. The via hole can be filled by
reflowing a solder ball that 1s attached to an outer surface of
the substrate. The substrate may be part of a multi-layered
integrated circuit package, wherein the vias couples mnternal
routing layers with external contacts of the package. The
filled vias can withstand extended thermal life cycles of the
package.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of an electronic assembly
of the present 1nvention;

FIG. 2 1s a cross-sectional view showing a solder ball held
in place by tacky flux on a via hole;

FIG. 3 1s a cross-sectional view showing the solder ball
reflowed to fill the via hole.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to the drawings more particularly by reference
numbers, FIG. 1 shows an electronic assembly 10 of the
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present 1nvention. The assembly 10 may include a package
12 that 1s attached to a printed circuit board 14. The package
12 mncludes a substrate 16 that supports an integrated circuit
18. By way of example, the integrated circuit 18 may be a
microprocessor, although it 1s to be understood that other
clectrical devices may be supported by the substrate 16.

The substrate 16 may have a plurality of bond shelves 20.
The bond shelves 20 contain a plurality of bond pads 22. The
integrated circuit 18 1s coupled to the bond pads 22 of the
bond shelves 20 by a plurality of bond wires 24. The bond
pads 22 are connected to 1nternal routing traces and internal
power/ground busses 26 within the substrate 16. The internal
traces and busses 26 are electrically connected to vias 28
which extend from a first surface 30 of the substrate 16 to a
second surface 32 of the substrate 16.

The vias 28 are filled with a conductive material 34 that
extends across the length and diameter of the vias 28. In the
preferred embodiment, the vias 28 are completely filled with
conductive material. The filled vias 28 have more strength
and rigidity than conventional vias which have plated walls
and a residual hole extending through the vias. It has been
found that the filled vias of the present invention have a
longer thermal life cycle than conventional plated vias of the
prior art.

The vias 28 are coupled to external lands 36 located on the
second surface 32 of the substrate 16. The lands 36 are
attached to the printed circuit board 14 by solder balls 38.
Additionally, the integrated circuit 18 1s typically enclosed
by an encapsulant 40.

FIGS. 2 and 3 show a process for filling the vias 28. The

substrate 16 1s typically provided with via holes 42 formed
theremn. The via holes 42 may be plated with a copper
material (followed by Ni then Au) 44 using conventional
plating processes. A solder flux 46 1s mitially applied to the
via holes 42 on the first surface 30 of the substrate 16. The
solder flux 46 may be applied by screening a tacky solder
flux to the via holes 42.

Solder balls 48 are then placed onto the via holes 42. The

solder balls 48 may be applied with a gravity fed fixture (not
shown) that is typically used to apply solder balls to the
lands of a ball grid array (BGA) package. The substrate 16
and solder balls 48 are then placed in a oven to heat and
reflow the solder. The force of gravity pulls the retflowed
solder mto the via holes 42 to {ill the same. In the preferred
embodiment, each solder ball 48 fills a via hole 42 without
extending beyond the surface 30 of the substrate 16. By way
of example, 1t has been found that a solder ball 48 having a
diameter of 0.025 inches will adequately fill a via that has a
hole diameter of 0.012 inches and a length of 0.08 inches.

After the vias 28 are filled, contact solder balls 38 are
typically attached to the lands 36 of the substrate 16. The
contact solder balls 38 preferably have a lower melting
temperature than the balls 48 which fill the vias 28. The
higher melting temperature insures that the conductive mate-
rial 34 within the vias does not melt and flow out of the
package 12, when the solder balls 38 are reflowed to attach
the package 12 to the printed circuit board 14. By way of
example, the solder balls 46 that fill the vias 28 can have a
composition of 90% tin and 10% lead. The solder balls 38
which couple the package 12 to the circuit board 14 typically
have a composition of 63% tin and 37% lead.

The integrated circuit 18 i1s eventually mounted to the
substrate 16, bonded to the bond shelves 20 and enclosed by
the encapsulant 40. The sealed package 12 1s attached to the
circuit board 14 by the solder balls 38. Although a process
for filling the vias 28 by reflowing solder balls 48 1s shown
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and described, 1t 1s to be understood that the vias 28 may be
filled by other techniques. By way of example, a solder paste
may be screened or dispensed 1nto the via 42 holes and then
subsequently reflowed to create {filled vias 28.

What 1s claimed 1s:

1. A method for creating a via comprising:

providing a substrate including a via hole having a
diameter;

filling said via hole with a conductive material from a
reflowed solder ball so that said conductive material
extends across said diameter of said via hole; and

attaching an external electrical contact solder ball to said
substrate.
2. The method as recited 1n claam 1, wherein prior to
filling said via hole, the method further comprises:

placing a solder ball onto said via hole.

3. The method as recited 1n claim 2, further comprising
reflowing the solder ball to produce the reflowed solder.

4. The method as recited m claim 3, wherein said solder
ball that fills said via hole with a conductive material upon
reflow has a higher melting temperature than said external
electrical contact solder ball attached to said substrate.

5. A method for creating a via 1n an electronic package,
comprising:

providing a substrate which has a via hole;

placing a solder ball onto said via hole;

reflowing said solder ball so that said via hole 1s filled
with said reflowed solder, and,
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attaching an external electrical contact solder ball to said
substrate.

6. The method as recited 1n claim 5, further comprising
placing a solder flux onto said via hole before placing said
solder ball onto said via hole.

7. The method as recited 1n claim 5, wherein said via hole
has a diameter of approximately 0.012 inches and a length
of approximately 0.08 inches, and said solder ball has a
diameter of approximately 0.025 inches.

8. The method as recited 1n claim 5, wherein said solder
ball that fills said via hole has a higher melting temperature
than said external electrical contact solder ball attached to
said substrate.

9. A method for creating a via 1n an electronic assembly,
comprising:

providing a substrate which has a via hole, wherein said
via hole has a diameter;

filling said via hole with a conductive material from a

reflowed solder ball so that said conductive material
extends across said diameter of said via hole; and,

attaching an external electrical contact solder ball to said
substrate, the external electrical contact solder ball
having a lower melting temperature than said solder

ball.
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